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Summary

Valley glaciers have often been classified into two types; namely, if debris do not cover their
ablation areas, they are C-Type; otherwise they are D-Type. The latter is noticeable in Nepal
Himalayan Glaciers; e.g., G2 glacier in Hidden Valley, Mukut Himal, is one of the typical
D-Type glacires (Fig. 3). Glaciological investigations were carried out at the lower half of this
glacier during the monsoon season in 1974, aiming at observing supraglacial debris and the
structure of glacier ice under them.

The glacier has an area of about 2 km® (about 500 m wide, 4 km long) and flows northward
from a pass between Tukche Peak and Dambush Pass (Fig. 1). There exists a boundary
between a debris-covered part and a debris-free part near the ice falls at the midstream (Fig. 5).

The contour map of debris thickness of the glacier is shown in Fig. 4. It shows that
the thickness of debris is larger near the terminus and near the margin than in the medial
area of the glacier. Measured surface velocities are also shown by arrows in Fig. 4. Figure
6 shows the results of particle size distributions of the supraglacial debris samples taken at
the places designated by the same notations as in Fig. 4. The decrease of median diameter
in the distributions is found down-glacier. The distributions could be separated into three
normal distributions A, B and C as shown by straight lines in Fig. 7. The mean values,
standard deviations and mixing ratios of the three normal distributions, A, B and C, are tabu-
lated in Table 2 for each sample. The mixing ratio of distribution C increases progressively
down-glacier. This is considered to constitute a reason for the down-glacier decrease of particle
size.

By comparing the size of particles, it may be said that the particles of distribution C
originate in the particles contained in glacier ice. Then the continuity equation of debris mass
(Eq. 4) can be introduced so that the flow velocity could be estimated. Obtained results agree
with the measured flow velocity of the glacier. The active terminus of the glacier was also
estimated as located near a 5220 m contour line in Fig. 4.

Foliation was found not only on the surface of the debris-free part but also on the surface
of the debris-covered ice of the glacier. Folia were identified by the difference of air bubble
contents. The bubble foliation pattern is one of the nested arcs convex downglacier (Fig. 11).
Some folia found on the bare ice surface could traced in continuation to the ice surface under
debris.

Air bubbles contained both in the exposed ice and in the debriscovered ice near the ter-

minus were spherical though the former were larger than the latter, 2~3 mm and about 0.7
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mm respectively in diameter. But air bubbles found in the debris:covered ice except near
the terminus were strongly elongated. The distribution of air bubbles is shown in Fig. 12.
The horizontal direction of bubble elongation seems to point toward the medial line down-glacier.
The up-glacier dip of the direction of bubble elongation along a medial strip of the glacier
decreases progressively down-glacier from around 80° near a 5300 m contour line to around
10° near a 5200 m contour line. These aspects show that the direction of elongated bubbles
does not seem to coincide with the flow direction.

An ice block which contained elongated bubble was exposed to strong radiation (Fig. 13).
In about 6 hours, elongated bubbles became spherical (Fig. 14). It is explained, therefore, that
spherical bubbles found in the bare ice surface must have been made round by strong solar
radiation because of the absence of debris which protected it. Therefore, the debris-free ice
and debris-covered ice could be considered to be uniformly connected as is suggested from
the continued folia crossing the boundary, though the shapes of bubbles in them are different.

No elongated bubble was found on the ice surface near the terminus of the glacier though
it was covered with thick debris. Then, the shape change of elongated bubbles under isother-
mal annealing without stress was investigated. In this experiment conducted for 2 months
at 0°C, shortening of the long axis of a elongated bubble took place (Figs. 16 and 17), during
which the volume of bubbles did not change (Fig. 18). But no shape change was found in
the experiment at —1°C and —6°C for about 4 months.

This shape change must be due to the difference of curvatures between near the end and
the center of an elongated bubble. As for mass transfer mechanism, one might consider viscous
flow of a water layer, evaporation-condensation, volume diffusion or surface diffusion. A theo-
retical estimation of long-axis shortening of an elongated bubble was made as to each of the
mechanism under an assumption that a bubble had a simple shape as shown in Fig. 19. Then
it was explained that the mechanism of viscous flow of a water layer is most feasible in the
shape change of an elongated bubble (solid line in Fig. 20).

It is considered that the so-called dead ice constitutes the terminal part of the glacier
where glacier ice contains only spherical bubbles, since elongated bubbles would become spherical
under a stress-free condition.

The active terminus of the glacier was, therefore, considered to locate near a 5220 m
contour line (Fig. 12). This location agreed well with that estimated by the results of debris
analyses. Extrapolation of Eq. (14} led to a likelihood that the dead ice had become stagnant
at least 100 years before present.

Glacier ice which contained only spherical bubbles was compressed bi-axially (Fig. 22),
whereby two kinds of elongated bubbles were found. Spherical bubbles were elongated to the
direction normal to xz plane which corresponded to the glacier surface (Fig. 24). Meanwhile,
many cracks appeared lying on planes normal to the axis of compression and the orientation
of their long axis also agreed with the y-axis (Fig. 25). These cracks changed to elongated
bubbles several hours after annealing at 0°C (Fig. 26).

It is explained, therefore, that strong compression by the ice falls formed elongated bubbles,
of which orientations were normal to the glacier surface at the foot of the ice falls of G2
glacier (Fig. 12).

Rotation of elongated direction of bubbles was investigated by simple shear experiments
(Figs. 27 and 28). The measured rotation angle of an elongated bubble and its estimated
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rotation angle obtained from shear strain of deformed ice are shown in Figs. 30, 31 and 32 as
a solid circle and a solid line respectively. Estimated values agree very well with measured
values (Fig. 35). This means that the rotation angle of elongated bubbles could be estimated
from the strain of ice deformation. In other words, ice deformation can be obtained from
the change of orientation of elongated bubbles.

Figure 36 shows the distribution of elongated bubbles and the coordinate axes taken in
G 2 glacier. Since y is defined as Eq. (17), ice deformation during flow is represented by

9 . . . . .
T Az. As mentioned above, 7 could be estimated from the rotation angle of orientation of

oz

elongated bubbles under the assumption of steady flow. Distribution of surface strain so
obtained is shown in Fig. 38. It is assumed that the horizontal rotation of orientation of
elongated bubbles is due only to shear stress resulting from a marginal cliff along the glacier.
Then, by integrating the surface strain, flow velocity was obtained using Eq. (22) for a given
integration constant.

White arrows in Fig. 39 show the measured flow velocities. Flow velocities at 11 and
13 were used as integration constants and the flow velocity at 12 was estimated by the use
of Eq. (22). The obtained value at 12 was 32 cm/month. Since the measured flow velocity
at 12 was 38 cm/month, this estimated value is said to agree with the real one. Therefore, this
method gives a resonable velocity fleld from such a structure element as orientation of elongated
bubbles. Estimated flow vectors are shown by black arrows in Fig. 39. This velocity field
is consistent with the distribution of bubble foliation, from which, it is implied, the velocity
field is obtainable in the same way as is obtained from the distribution of elongated bubbles.



